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(54) BidiiBctional optical ccmrnnmications 

(57) In order to reduce insertion loss and to solve the problem of reflection associated with use of a coupler, 
an optical switch 16, 18 is used to selectively connect an optical transmitter 20, 24 or an optical receiver 22, 26 
to an optical fit>er 10 or a passive optical network (PON) (56, fig 4) in a time compression multiplexing (TCM) 
system or a time division multiple access (TDMA) system. 

The optical switch (fig 3) may include a prism (40) movable between two points by an electromagnetic 
drive mechanism, and Ibises (44, 46, 50) at the inputs and outputs. 
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TWO-WAY TRANSMISSION SYSTEM USING SINGT.R OPTICAL PATH 



The present invention relates to a two-way 
transmission system using a single optical path, such as 
a time compression multiplexing (TCM) system via a single 
optical fiber and a time division multiple access (TDMA) 
10 system via a passive optical network (PON) wherein a 

single optical fiber emerging from an exchange is fanned 
out at suitable points to feed a number of individual 
customers • 

15 In a two-way transmission system using a single 

optical path, optical couplers are usually used, at the 
ends of the optical path, in order to couple optical 
transmitters and optical receivers to the optical path. 
However, the use of the optical couplers causes 

20 considerable- inseirtion loss ^ich amounts to about 7dB 
between a transmitter and a receiver, and therefore, 
restricts the number of f anning-out points of the PON and 
the transmission distance. The optical couplers also 
give rise to reflection which causes crosstalk. 

25 

It is an object of the present invention to provide 
a two-way transmission systom using a single optical 
path, herein the insertion loss is reduced and the 
probl^ of reflection does not arise. 

30 In accordance with the present invention, there is 

provided a transmission systCTi comprising an optical path 
having a first end, a first optical transmitter, a first 
optical receiver, alfirstlopticaalswitch? coupled with 
the first end of the optical path, the first optical 

35 transmitter, and the first optical receiver, for 
selectively connecting one of the first optical 
transitiitter and the first optical receiver to the first 
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end of the optical path, and a first controller, 
connected to the first optical switch, for controlling 
the first optical switch. 

5 Figure 1 is a block diagram of a transmission system 

according to a first embodiment of the present invention; 

Figures 2A to 2D are timing chcirts explaining an 
operation of the tz^nsmission system of Fig. 1; 

Figure 3 is a cross -sectional view of an exas^le of 
,10 an optical switch; 

Figure 4 is a block diagram of a transmission system 
according to another embodiment of the present invention; 

Figures 5A to 5F are timing chcirts explaining an 
operation of the transmission system of Fig. 4; and 
15 Figure 6 Is a block diagram of a transmission S3^tem 

according to another embodiment of the pzresent invention. 

Figure 1 shows a construction of a transmission 
system according to an embodiment of the present 

20 invention. In Fig. 1, an optical fiber 10 is laid 

between a statxonri2? and a subscril>er set 14. One end of 
the optical fiber 10 in the station 12 is coupled with 
one of three ports of an optical switch 16, and the other 
end of the optical fiber 10 in the subscriber set 14 is 

25 coupled witK one of three ports of cin optical switch 18. 
An optical trEinsmitter 20 and em optical receiver 22 are 
coupled with the ^tical-switch 16 at the remaining ports 
thereof. Similarly, an optical transmitter 24 and an 
optical receiver 26 are coupled with the iSpticSi 

30 iswjj:ch Ifl^at the remaining ports thereof. The optical 
switch 16 is controlled by a !controller^8} and the 
optical switch 18 is controlled by a cc«ritroiiMB^3J3^ 

Figures 2A to 2D are timing charts explaining an 
operation of the transmission system of Fig. 1. Fig. 2A, 

35 Fig. 2B, Fig. 2C and Fig. 2D show operation states of the 
optical switch 16, signals transmitted from and received 
by the station 12, signals received by and transmitted 



- 3 - 



from the subscriber set 14, and operation states of the 
optical switch 18, respectively- 

As shown in Figs. 2A and 2D, the optical switches 16 
and 18 are switched in synchronism with each other at 
5 constant intervals iinder control of the controller 28 and 
30, respectively. Dxiring a period 32 of transmission 
from the station 12 to the siibscriber set 14, the optical 
switch 16 is switched so that the optical transmitter 20 
is coupled with the optical fiber 10, and the optical 

10 switch 18 is switched so that the optical receiver 26 is 
coupled with the optical fiber 10, as shown by solid 
lines in Fig. 1. During a period 34 of transmission from 
the subscriber set 14 to the station 12, the optical 
switch 16 is switched so that the optical receiver 22 is 

15 coupled with the optical fiber 10, and the optical 

switch 18 is switched so that the optical transmitter 24 
is coupled with the optical fiber 10, as shown by broken 
lines in Fig. 1. 

During the period 32, a signal 36 is transmitted 

20 from the optical transmitter 20 as shown in Pig. 2B, and 
the signal 36 arrives at the optical receiver 26 after a 
delay time A due to the optical fiber 10, as shown in 
Fig. 2C. After reception of the signal 36 is completed, 
the optical switches 16 and 18 are switched. While the 

25 optical switches 16 and 18 are set as shown by broken 
lines, a signal 38 is transmitted from the optical 
trcinsmitter 24 as shown in Fig. 2C, and the signal 38 
arrives at the optical receiver 22 after a delay time A 
as shown in Fig. 2B. After reception of the signal 38 is 

30 completed, the optical switches 16 and 18 are switched, 
and the period 32 of transmission from station 12 to the 
subscriber set 14 starts again. By repeating the above 
process, a time compression multiplexing (TCM) 
transmission using a single optical fiber is carried out. 

35 Figure 3 shows an example of the optical switch 16 

or 18. A prism 40 is located as shown in Fig. 3 and an 
optical path from an optical fiber 42, through a lens 44, 
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prism 40 and lens 46 , to an optical fiber 48, is formed. 
The optical fiber 42 is thus optically coupled with the 
optical fiber 48- When the prism 40 is moved, by a 
electromagnetic drive mechanism, to a position where the 
5 prism 40 does not obstruct the optical path between the 
lens 44 and a lens 50, an optical path from the optical 
fiber 42, through the lenses 44 and 50, to an optical 
fiber 52 is formed and thus the optical fiber 42 is 
optically coupled with the optical fiber 52. 

10 Optical switches such as a magneto-optical switch 

including YIG (Y3Fe50i2) ^*ich changes its plane of 
polarization of polarized light in response to an applied 
magnetic field and sr^Sti^f"switchr75cl^^ 
ni^Ltel(Idltt>03 )^ semiconductor-^whose„ref ractive 

15 ind^^is^changed„in^r^ 

f ieldr_may__be_used as the~^optical switched 16 a nd 18 • 

In the two-way trcuismission systCTi according to the 
present invention, since optical switches which 
selectively couple one of two ports thereof with another 

20 port thereof eore used, the insertion loss is improved and 
the problem of reflection does not arise. 

Figure 4 shows a construction of a transmission 
system according to another embodiment of the present 
invention. If Fig. 4, a plurality of subscriber sets 54 

25 are connected through a passive optical network (PON) to 
a station 58. 

The station 58 includes an optical switch 60 
connected to a root of the PON 56, a transmitter 62 
connected to the optical switch 60, a receiver 64 

30 connected to the optical switch 60 and a controller 66 

controlling the optical switch 60, the transmitter 62 and 
the receiver 64. The subscriber set 54 includes an 
optical switch 68 connected to a branch of the PON 56, a 
traoismitter 70 connected to the optical switch 68, a 

35 receiver 72 connected to the optical switch 68, cind a 
controller 74 controlling the optical switch 68, the 
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treinsmitter 70 and the receiver 72. 

Figures 5A to 5F are timing charts explaining an 
operation of the transmission system of Fig. 4. Fig. 5A, 
5B/ 5C, 5D, 5E and 5F show operation states of the 
5 optical switch 60, signals transmitted from and received 
by the station 58, operation states of the optical 
switch 68 in the 1-st subscriber set 54, signals received 
by and transmitted from the i-st subscriber set 54, 
operation states of the optical switch 68 in the n-th 

10 subscriber set 54, and signals received by and 
transmitted from the n-th subscriber set 54, 
respectively . 

While the optical switch 60 of the station 58 
selects the transmitter 62 as shown in Fig. 5A, a series 

15 of channel signals #1, #2 ... #n preceded by a control 
signal 76 are transmitted from the transmitter 62, as 
shown in Pig. 5B, and are delivered via the PON 56 to the 
individual subscriber sets 54. The signals #1, #2 ... #n 
eorcive at the individual subscriber sets 54 after 

20 definite delay times Al, A2 ... An \rfiich are dependent on 
distances between the station 58 and the subscriber 
sets 54, as shown in Figs. 5D and 5F. The channel 
assignment to each subscriber set is determined according 
to order of distance, i.e., AKA2 ... <An, In each of 

25 the subscriber sets 54, a channel signal assigned to the 
subscriber is selected according to the control signal 76 
and is received. 

As shown in Fig. 5A, the optical switch 60 is 
switched to select the receiver 64 a predetermined time 

30 interval after the last channel signal #n has been 

transmitted. The time interval is determined considering 
round-trip time 2 An for the farthest subscriber. In this 
period, signals #1', #2' ... #n' each preceded by control 
signals 78 are transmitted from each subscriber set 54 to 

35 the station 58, as shown in Figs. 5D and 5F. The 

signals #1', #2' ... #n' join at junction points of the 
PON 56, and arrive at the station 58 in order of #1', 
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#2', #n', as shown in Fig. 5B, After the last signal 

#n' arrives r the optical switch 58 is again switched to 
select the transiaitter 62. By repeating the above 
process, time division uniltiple access (TDMA) 
5 transmission using a PON is carried out. 

Figure 6 shows a construction of a transmission 
system according to another embodiment of the present 
invention. In Fig. 6, a station 80 and a subscriber 
set 82 which is a representative of subscriber sets 

10 connected via a PON 84 to the station 80, are shown. The 
station 80 includes an optical switch 86 connected to the 
PON 84, an electric/optical conversion circuit 88 
connected to the optical switch 86, a frame generation 
circuit 90 coxmected to the electric/optical conversion 

15 circuit 88, an oveiiiead bit insertion circuit 92 
connected to the frame generation circuit 90, an 
optical /electric conversion circuit 94 connected to the 
optical switch 86, a frame synchronization circuit 96 
connected to the optical /electric conversion circuit 94, 

20 and a controller 98 connected to the overhead bit 

insertion circuit 92, the frame generation circuit 90, 
and the optical switch 86. The overhead bit insertion 
circuit 92, the frame generation circuit 90 and the 
electric/optical conversion circuit 88 constitute a 

25 transmission section 99, and the frame synchronization 

circuit 96 and the optical/electric conversion circuit 94 
constitute a receiver section 100. The subscriber set 82 
includes an optical switch 102, an electric/optical 
conversion circuit 104 coxmected to the optical 

30 switch 102, a frame generation circuit 106 connected to 
the electrical/optical conversion circuit 104r an 
optical/electrical conversion circuit 108 connected to 
the optical switch 102, a frame synchronization 
circuit 110 connected to the optical/electric conversion 

35 circuit 108, an overhead bit detection circuit 112 

connected to the frame synchronization circuit 110, and a 
controller connected to the optical switch 102, the frame 
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generator 106 and the overhead bit detection circuit 112, 
The electric/optical conversion circuit 104 and the frame 
generation circuit 106 constitute a transmission 
section 116^ and the optical /electrical conversion 
5 circuit 108 ^ the frame synchronization circuit 110 and 
the overhead bit detection circuit 112 constitute a 
receiver section 118 • 

In the station 80, upon being powered-on, the 
controller 98 generates an optical switch switching 

10 signal having a constant period* While the optical 

switch 86 is switched to a transmitter (corresponding to 
a connection shown by a solid line), overhead bits are 
inserted into tremsmission signals in the overhead bit 
insertion circuit 92. The transmission signals including 

15 the overhead bits are frame-synchronized in the frame 
generation circuit 90, and are converted into optical 
signals in the electric/optical conversion circuit 88 ♦ 
As mentioned above, the optical signals transmitted 
through the optical switch 86 and the PON 84 to the 

20 individual subscribers include control signals as the 
overhead bits. 

In the subscriber set 82, upon being powered-on, the 
optical switch 102 is fixed to a receiver side 
(corresponding to a connection shown by a solid line). 

25 The optical signals received from the station 80 are 

converted into electric signals in the optical/electric 
conversion circuit 108. Frame synchronizm in the 
electric signals is established in the frame 
synchronization circuit 110, and the overhead bits are 

30 detected in the overhead bit detection circuit 112- The 
subscriber set 82 maintains the reception operation until 
all of the subscriber sets complete reception. After 
completion of reception in all of the subscriber sets, 
the optical switch 102 is switched to transmission 

35 (corresponding to a connection shown by a broken line) in 
synchronizm with an operation of the station 80 by 
driving the controller 114 according to the overhead 
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bits. At this time^ since the optical switch 86 in the 
station 80 has been already switched to a receiver side 
(corresponding to a connection shown by a broken line), 
the station 80 is ready to receive signals from the 
5 subscriber sets. The subscriber sets transmit signals 

accompanied by control signals within time slots assigned 
to each subscriber, one by one, and the transmission 
signals arrive at the station 80 in a predetermined 
order. This situation is similar to that explained with 

10 reference to Figs. 5A to 5F, 

Although the length of time slots assigned to the 
individual subscribers are not mentioned in the above 
description, all the subscribers may of course use the 
same length of time slots, i.e., the same transmission 

15 capacity may be assigned to all the subscribers, but a 
time slot longer than others may be assigned to a 
specific subscriber. In addition, the transmission path 
is not limited to the optical fiber, but the present 
invention may be similarly applicable to an optical space 

20 transmission system. 
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Claims :- 

1. A unit for a transmission system including an 
optical path, the ixnit comprising an optical 
transmitter, an optical receiver, and an optical 

5 switch for selectively connecting the optical 

transmitter or the optical receiver to an end of the 
optical path, and a controller connected to the optical 
switch, for controlling thB optical switch. 

2. A two-way transmission system including at 
10 least two units according to claim 1, and an optical 

path comprising a single optical fiber, connecting 
these two iinits. 

3. A transmission system according to claim 2 
and including a means for synchronising the optical 

15 switches so that a connection between the optical 

transmitter of one unit and the optical receiver of a 
second xinit, and a connection between the optical 
transmitter of the first unit and the optical receiver 
of the second unit via the optical fiber are 

20 alternately formed. 

4. A transmission system according to claim 3 
and adapted for time compression multiplexing 
transmission via the optical fiber between one unit 
acting as a station at one end of the optical fiber and 

25 another unit acting as a subscriber at the other end of 
the optical fiber. 

5. A transmission system including several units 
according to claim 1, and an optical path comprising a 
passive optical network, wherein one unit is located at 

30 the root of the passive optical network and further 
xmits are each located at one of the branches of the 
passive optical network. 

6. A transmission system according to claim 5 
and including a means for synchronising the optical 

35 switches so that connections between the optical 
transmitter of the unit located at the root of the 
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optical - network and the optical receivers of the units 
located at the branches of the optical network and a 
connection between the optical transmitters of the 
units located at the branches of the optical network 
5 and the optical receiver of the unit located at the 
root of the optical network are alternately formed. 

7. A transmission system according to claim 6, 
and adapted for time division multiple access between 
one unit acting as a station at the root of the passive 

10 optical network and further units acting as subscribers 
at the branches of the passive optical network. 

8. A method of transmission between at least two 
units connected via an optical path, the units each 
comprising an optical transmitter, an optical receiver, 

15 an optical switch and a means of controlling the 
optical switch, the method comprising the steps of 
selectively connecting the optical transmitter and the 
optical receiver of each unit to the optical path by 
means of the optical switches and synchronising the 

20 optical switches so that connections are alternately 
made between the optical transmitter of a first unit 
and the optical receiver of a second unit, on the one 
hand, and ttie optical receiver of the first unit and 
the optical transmitter of the second unit, on the 

25 other hand. 

9. A transmission system substantially as 
described herein with reference to any of the 
accompanying figures. 
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